To evaluate the chemical composition of the earthworm (Eisenia foetida) co-dried (EW) with vegetable meals (VM) as animal feed ingredient, the blends were mixed with wheat bran (WB), rice powder (RP), corn meal (CM) and soy cake meal (SCM) in proportions of 85:15; 75:25 and 65:35. The dry matter (DM), crude protein (CP), crude fat (CFA), crude fiber (CF), ashes and nitrogen-free extract (NFE) of the ingredients and final mixtures were determined. All the mixtures resulted with a high content of DM (≥90.00 %). No significant differences among the proportions were revealed (P>0.05). In addition, the higher inclusion of the earthworm in the proportions (85:15) increased (P<0.05) the CP (54.70 %), CFA (7.28 %), and ashes (10.20 %), mainly when mixed with SCM, CM, and RP, respectively. However, the use of vegetable meals proportionally increased the CF (7.31 %), and NFE (52.62 %), mainly with the proportion of 65:35 and with RP and CM, respectively (P<0.05). The results showed that the vegetable meals (WB, RP, CM, and SCM) are useful to co-dry the earthworm to be use for animal feed. It is concluded that the most appropriate proportion (VM:EW) will depend on the animal species, productive stage and market requirement.
I. INTRODUCTION
The world population is growing rapidly and it is expected to reach between 8.5 and 12 billion by the year 2100, of which 75 % of the population will live in the countries of Africa and Asia, which are mostly developing countries. Currently, human overpopulation is related to food insecurity, which induces the evolution of resource-exhaustive agriculture causing irreparable environmental damage (Singh, Srivastava, Singh,Upadhyay & Raghubanshi, 2019) . FAO suggests that global food production will need to double in the future (Smárason, Alriksson & Jóhannsson, 2018; Øverland, Mydland & Skrede, 2019) . Therefore, the challenge for agricultural producers is to use efficiently the environmental resources to transform them into animal feed (Mohanta, Subramanian & Korikanthimath, 2016; Sánchez et al., 2019) .
In production systems of non-ruminant species, feed represents the highest cost of the zootechnical production, especially in developing countries, where the prices of raw materials are inaccessible for mid and small producers (Olmo et al., 2012) . In particular, conventional protein sources, such as fishmeal and soybean meal (Smárason et al., 2018) . Several unconventional or alternative feeds have been used as protein sources to reduce production costs. Among the most remarkable are the protein fodders, yeasts, oilseeds, and the earthworm (Bahadori et al., 2017; Duodu et al., 2018; Falowo et al., 2018) .
In this sense, the earthworm (Eisenia foetida), a species of domesticated earthworm, obtained as the final product of vermicomposting (Guptaa, Shikhab & Tewaria, 2014; Yang, Wang, Wang, Du & Zhang, 2015; Sharma & Garg, 2018; Maková et al., 2019) , is an eco-friendly, cost-effective, zero waste technology which can be used to convert non-toxic organic waste residues into valuable product (vermicompost). Vermicompost is environmentally friendly organic manure having high quantities of humic acids, plant growth hormones, enzymes and antimicrobial substances (Coulis et al., 2014; Kızılkaya & Türkay, 2014; Maková et al., 2019) .
The earthworm (Eisenia foetida) has been considered an integral product for animal feed, it has a high content of crude protein (from 60 to 70 % on dry basis) (Ibáñez, Herrera, Velásquez & Hebel, 1993; Sogbesan & Ugwumba, 2008; Rezaeipour, Nejad & Miri, 2014; Ncobela & Chimonyo, 2015) and essential amino acids deficient in many vegetable meals commonly used in diets such as lysine, threonine, arginine and valine. Besides, fatty acids of biological importance have been detected, such as octadecanoic acid (C18:0) linoleic acid (C18:2) and linolenic acid (C18: 3) (Zhenjun, Xianchun, Lihui & Chunyang, 1997; Tiroesele & Moreki, 2012; Gunya, Masika, Hugo & Muchenje, 2016) . Other nutrients such as copper, iron, manganese, zinc, and phosphorus have been found in significant amounts (Gunya et al., 2016) .
The earthworm meal (EW) has been used to prepare a typical local food "arepas" for human consumption (Cayot et al., 2009 ). However, its most widespread use is as animal feed. Thus, the inclusion of up to 30 % in diets for broilers improved the growth and meat quality (Bahadori, Esmaylzadeh & Torshizi, 2015) . Likewise, prawns (Macrobrachium dayanum) fed earthworm meal had a higher weight gain (0.3±0.02), survival (90%) and feed conversion ratio (0.9±0.01) compared to silkworm pupae and soybean meal (Langer, Bakhtiyar & Lakhnotra, 2011) . Other studies have shown that the use of EW at 15.8, 23 and 12.5 % in the diets of Wistar laboratory rats, black cachama fingerlings (Colossoma macropomum) and rabbits improved the overall performance without affecting the health of these animals, respectively (García, Oruña, Domínguez & Martínez, 2005; Morillo, Visbal, Altuve, Ovalles & Medina, 2013; Kuforiji, Agunbiade, Awojobi & Eniolorunda, 2016) .
On the other hand, the feed drying technology is the process where heat is applied to remove the water by evaporation, with the purpose of extending the useful life by reducing the activity of the water; the methods used depend on the type and quantity of product, water level to eliminate and the final quality. This process intervenes in the mechanical, sensory and nutritional properties of feed and can be used to create new functionalities, being one of the main techniques for the conservation of agricultural products (Bonazzi & Dumoulin, 2011) .
In this sense, the main drawback of the use of EW is the high moisture content (from 80 to 85 %) (Cayot et al., 2009; Morillo et al., 2013) . Therefore, a low-cost method to facilitate the drying will be essential to make successful this process. Thus, the codrying process is one of the most efficient alternatives, by mixing the earthworms. Besides, the nutritional value of this feed for livestock would be increased (Goddard & Perret, 2005; Botello et al., 2011; Botello et al., 2017) . Studies by Gunya et al. (2016) demonstrated that oven-dried and freeze-dried were efficient methods for earthworms. Therefore, the objective of this work was to evaluate the chemical composition of the earthworm mixed with vegetable meals as animal feed.
II. MATERIALS AND METHODS
A. Obtaining the earthworm Three months of age (8.3 cm length and 0.4 g average) earthworm (Eisenia foetida) were obtained by culturing using bovine manure as feed. The culture parameters, such as temperature, humidity, and pH of the manure were taken into account to guarantee optimal growth conditions. At harvest, the earthworms were washed and cleaned by keeping them for 12 hours in aerated fresh water. The clean earthworm was boiled in water for 1 min, and then ground in a meat mill with a sieve of 2 mm in diameter (Cayot et al., 2009 ).
B. Preparation of mixtures
The earthworms (EW) already processed, were individually and homogeneously mixed with the vegetable meals (VM): wheat bran (WB), rice powder (RP), corn meal (CM), and soybean cake meal (SCM), according to the following proportions: 85:15, 75:25 and 65:35 (EW:VM). Three kg of each mixture was made. All the combinations were individually sun dried for 72 hours before they were ground in a hammer mill with a 1 mm sieve. 
C. Chemical characterization of feeds and mixtures
Each ingredient and its blends were taken in triplicate groups of 100 g. Dry matter (DM), crude protein (CP), crude fat (CFA), crude fiber (CF), ashes and nitrogen-free extract (NFE) were determined according to the AOAC (2011). The chemical composition of the feed ingredient used in the different mixtures is shown in Table 1 . 
III. RESULTS
The mixtures with EW+WB indicated more than 90.00 % DM (Table 2) , without significant differences (P>0.05) among treatments. However, a higher proportion with EW in the mixture (85:15) increased (P<0.05) the content of CP (27.85 to 41.09 %), CFA (6.86 to 5.40 %) and ashes (7.57 to 9.11 %) and decreased (P<0.05) the CF (7.31 to 4.59 %) and NFE (42.20 to 28.59 %) compared to the lowest proportions of this protein product (EW) (65:35 and 75:25) ( Table 2) . The use of the EW in the SCM mixture increased (P<0.05) the contents of CP (49.16 to 54.90 %), CFA (4.00 to 6.02 %) and ashes (7.51 to 9.14 %), being significantly higher with the proportion of 85: 15 (Table 5 ). However, this proportion (85:15) consistently reduced the CF (1.93 to 3.05 %) and NFE (18.52 to 26.56 %), without statistically modifying the DM of the mixtures (P>0.05; Table 5 ). 
IV. DISCUSSION
The goal of this study was to evaluate whether the EW (80.48 % of humidity) codried with different vegetal meals (with more 90.00 % of DM) would reduce the moisture and improve the nutritional composition of the final combinations, to be used for non-ruminant species (mainly) and aquatic organisms. It is known that the EW is some feed source rich in CP (13.76 %), CFA (2.06 %), with low ashes (2.53 %) (Table I) , with high content of essential amino acids such as lysine (3.10 %), phenylalanine (2.90 %), leucine (13.80 %), isoleucine (5.30 %), valine (3.60 %). Also, essential fatty acids are present, such as linoleic acid (Vielma, Durán, León & Medina, 2003) . Its inclusion in animal diets can replace conventional protein sources (fishmeal and soybean meal) to lower production costs (Gunya, Muchenje & Masika, 2019) . Besides, our research can contribute to the promotion of vermiculture in agricultural production systems (Kuforiji et al., 2016) .
Several studies have been conducted to establish the most efficient drying process for the EW (Cayot et al., 2009; García et al., 2005; Boulogne, Márquez, Zambrano, Medina & Cayot, 2008; Morillo et al., 2013; Bahadori et al., 2015; Ovalles, Medina, Márquez & Rial, 2017) . The drying process of the EW is a critical factor because specific proteins are denatured with heat. Although the primary structure of the proteins (the amino acid sequence linked by peptide bonds) is not interrupted by the denaturation, the secondary-quaternary structures could be affected with consequences in the digestibility. The transformation method of earthworm biomass in meal can affect the quality of this feed product, especially the amino acid profile (Boulogne et al., 2008; Córdova, Anaya, Ovando, García & Silvano, 2013; Martínez et al., 2017; Ovalles et al., 2017) .
In turn, Boulogne et al. (2008) , after a shorter drying time of earthworm meal (Eisenia andrei) previously subjected to a pressing, found that it resulted in the disadvantage of 6 % loss of soluble protein. In the present work it is demonstrated a viable alternative as co-drying process using the EW mixed with different vegetable sources, increasing the DM content without the loss of soluble protein or deteriorating the protein quality of the EW.
In this sense, we found several researches using vegetable meals as a co-drying of semi-liquid feed. Some authors have used vegetable meals (wheat bran, rice powder, corn meal and soybean cake meal) to decrease the moisture content (up to 75 %) of different fish silages, which facilitates the drying and improved the nutritional composition of various feed sources to be used as a protein for feed on animal diets (Fagbenro, 1994; Vidotti & Carneiro, Viegas, 2002; Goddard & Perret, 2005; Botello et al., 2017) . Wheat bran (WB) is one of the most used vegetable sources with large worldwide distribution. This source is a by-product of the wheat milling process, resulting in high levels of CF (10.60 to 13.63 %), containing a lower metabolizable energy (ME) than that obtained with corn, sorghum or barley ( In our work, the WB was used as a support to simplify the co-drying of the EW (in the form of semi-liquid feed) and the final mixture reached 90.00 % of DM in the three combinations (Table II) , increasing the protein content from the vegetable source up to 34.07 % CP. The crude protein, the most essential macronutrient in the animal nutrition, due to the supply of essential amino acids for growth, maintenance and tissue repair, as well as hormones, enzymes, antibodies, and other organic constituents (Martínez et al., 2017) . In this regard, Goddard y Perret (2005) found a DM content higher than 90 % with an average CP values of 50.00 % when mixing sardine fish silage with wheat bran.
As it is known, animal source foods such as the EW do not have CF, however, the use of WB was increased to the carbohydrates at 7.31 %, in the proportion 65:35 (Table II) . Fiber is essential for the intestinal health of non-ruminant species, helping the digestive functioning of enzymes, for the immune response modulation in the gastrointestinal tract (GIT) (Savón, Scull & Martínez, 2007) . Modulation that is reached through a competitive exclusion, increasing the production of acids volatile fatty acids, reducing the intestinal pH by the emission of protons, increasing the energy contribution of the ration and reducing the serum cholesterol. Nevertheless, high levels of fiber cause the loss of digestible energy (Căpriţă, Căpriţă & Julean, 2010; Valverde, 2010; Falcón, Barrón, Romero & Domínguez, 2011) , which reduces the bioavailability of minerals and negatively affects the performance of animals (Jiménez, Coca, González & Mateos, 2016; Rojas, Vinyeta & Stein, 2016) .
The co-drying of the EW with a vegetable meal such as RP resulted in a blend with high content of DM, CP (31.22 %) and NFE in all used proportions. However, the CF significantly increased by 4.83 % (P<0.05) accordingly the plant material added. A combination that could favor the nutrition of laying pullets, empty sows, rabbits and adult fish (Martínez et al., 2015) . In this sense, Vidotti et al. (2002) found that mixing an acid fish silage with rice powder (50:50) improved the profile of essential amino acids, facilitating the storage and transportation of the final product. Although RP provides few essential amino acids, its main contribution was the decrease of moisture from the initial product to obtain an alternative feed protein (Table III) , to replace conventional feed protein (fishmeal and soybean meal), generally imported from developing countries.
Regarding the corn, which is highly palatable and easily digestible by non-ruminant and ruminant animals, and considered one of the best sources of ME, containing approximately 72.0 % of starch, low fiber and protein level and deficient essential amino acids such as lysine and tryptophan (Szulc, Podkowaka, Bocianowski, Krauklis & Wilczewska, 2018) , the combinations of EW with CM resulted in CP values between 24.68 to 39.25 %; fat from 6.02 to 7.28 % and CF up to 2.04 %, with a final DM of 90.10 % (Table IV) . In turn, Botello et al. (2017) found that CM reduced the moisture level of residual tilapia, with dry matter content higher than 90.00 % with CP contents between 21.13 to 36.11 %. Therefore, the co-drying process of EW with vegetable meal enables the storage and helps to mitigate the pollution of the Soybean meal is considered the most important source of vegetable protein for animal feed, with high lysine and tryptophan content for fresh water animals. However, it is relatively poor in sulfur-containing amino acids. Therefore, the mixture of EW with these vegetable meals could result in an adequate amino acid balance, to formulate aquafeeds (Botello et al., 2017) . The SCM mixed with the EW showed more than 90.00 % DM in the three combinations (Table V) and CP values resulted between 49.16 to 54.90 % (Table III) . Fagbenro (1994) obtained similar results when mixing the biological silage of fish with SCM in a 50:50 proportion, with values of 49.80 % CP, which is related to the protein contribution of the two raw materials used.
The use of vegetable meals as a co-drying process of EW is a positive alternative source of protein for non-ruminant species. Variability in the nutritional composition was obtained, according to the type of VM and the level of EW used (Tables II, III, IV and V). The mixture with the highest CP level was the EW+SCM (85:15) and the lowest was the EW+CM (65:35), although the 85:15 proportion of EW+CM resulted in the highest content of CFA. According to the CF and ashes contents, the mixture with the highest values was the EW+RP (65:35). The co-drying contributes to guarantee the useful life of feeds, reducing the moisture, harmful microorganisms, and chemical reactions for enzymatic inhibition, which could facilities the storage and cost reduction and improve microbiological and nutritional quality of the feeds (Agrahar & Jha, 2010; Erbay & Hepbasli, 2014) .
V. CONCLUSIONS
It is concluded that the process of co-drying earthworms with vegetable sources such as rice, wheat bran, corn meal and soybean cake improves the preservation at low cost of earthworms; also, by enrichment of the nutritional quality from the different vegetable sources by increasing the crude protein in particular. This new blend ingredient could replace conventional protein and fibrous ingredients for feed and feed formulations for different animal diets. The most appropriate proportions among vegetable meal to earth worm will be dependent to the animal species, productive stage and commercial market requirement.
